Introduction
Non-communicable diseases (NCD) are defined as being slow in onset and progression, and long in duration [1] . Diseases including heart disease, stroke, diabetes, chronic respiratory disease and some cancers form part of the definition of NCD [1, 2] . These diseases accounted for nearly two-thirds of global deaths in 2008, has been steadily increasing, and impacts on most countries and people of all ages and socio-economic groups [2] [3] [4] . This trend is evident in South Africa as well, where NCD's accounted for 28% of the total burden of disease [5] . In fact, the World Health Organization (WHO) has estimated that the NCD burden in South Africa is more than double that in some developed countries, although similar to that of other SubSaharan African countries [5] .
Modifiable risk factors that have been shown to play a role in reducing the prevalence of NCDs include tobacco use, an unhealthy diet, excessive alcohol consumption and physical inactivity [2] [3] [4] [5] [6] [7] [8] .
Other risk factors for NCD include: age, elevated blood pressure, dyslipidemia, elevated serum cholesterol and glucose concentrations, waist circumference, Body Mass Index more than 25 kg/m 2 [9] . Data from various studies investigating the odds of having cardio-metabolic disease is presented in Table 1 . Results on this table shows that the risk of cardio-metabolic and NCD's due to physical inactivity is comparable to that of other risk factors. Yet physical activity, has been regarded as the 'Cinderella risk factor' as it receives less attention, political commitment and resources than the other risk factors [6] . If it were possible to reduce to the global pandemic of physical inactivity, it has been estimated that between 6-10% of all deaths due to NCD's may be prevented [8] . Lee et al. calculated that by increasing the prevalence of physical activity by 25% it may be possible to avert 1.3 million deaths annually [8] .
Furthermore, non-communicable diseases have a negative impact on the global economy and have been identified as one of the major threats to economic development by the World Economic Forum [2] [3] [4] . The reduction in economic growth is estimated at 0.5% for every 10% increase in NCD-related mortality [4] . Worksites and companies are directly affected by NCD's due to reduced employee productivity, increased absenteeism and increased likelihood of disability [2] . The loss in national income due to NCD's is substantial. The projected loss in income from 2005 to 2015 in countries with emerging economies similar to South Africa, range from 49.2 billion international dollars in Brazil to 236.6 billion international dollars in India [10] . Therefore, countries, worksites and individuals are likely to incur higher medical expenditures and reduced productivity due to NCD's. Some of the NCD's can be prevented or managed by implementing screening and intervention programs.
Therefore the aim of this literature review is to examine current evidence for the role of worksite health promotion programs' role in the prevention of NCD's. The prevalence of risk factors for NCD's among employees, with a focus on physical activity, and the clustering of risk behaviors among employees will be discussed. In addition, the economic consequences of NCD's and possible benefits of worksite intervention programs are briefly addressed. The main component of the literature review reports on the role of health risk appraisals as an entry for worksite health promotion programs.
Methods

Search strategy and quality criteria
The search strategy included using the online database, Pub Med to find relevant manuscripts. Various combinations of the following terms were used when searching the Pub Med database; 'worksite health promotion programs'; 'non-communicable disease risk factors AND cluster of risk'; 'economic burden AND non-communicable diseases; 'physical activity AND worksite'; and 'physical activity AND employee health'. The references in some of the manuscripts that were sourced were also examined for additional publications. In addition, reports from the World Economic Forum's Workplace Wellness Alliance website (http://alliance.weforum.org/) were obtained.
Manuscripts that were published within the last 10 years, as well as systematic reviews and meta-analyses were given priority due to the limited scope of this review and, in some cases, paucity of data available.
Results
Rationale for worksite intervention programs
It has been estimated that more than 3.6 billion people will form part of the global workforce by 2020 [10] . Consequently, the worksite has identified as an opportune setting for health promotion programs aimed at improving employee health status and productivity since many people can be reached in this setting [11] [12] [13] . Employers have the opportunity to engage with employees on an ongoing basis with extensive reach and frequent interaction [14] . Indeed, the Report of the Secretary General, UN General Assembly, May 2011, recommends that the private sector play a role in promoting healthy lifestyle behaviors among employees including both health promotion policies and worksite health promotion programs [3] .
Worksite health promotion programs have been shown to result in economic benefits both for the employer and employee [10] . The economic outcomes of worksite intervention programs includes increased productivity and reduced absenteeism and healthcare [12] . Evidence from a recent review of the economic benefits of these programs concluded that it is 'one of the most effective strategies for reducing medical costs and absenteeism' [15] . Consequently, more and more employers are implementing health promotion and intervention programs in their companies [12] . The economic outcomes of worksite health promotion programs will be discussed in more detail later in this literature review.
In addition to the economic benefits, previous research has shown that worksite health promotion programs are effective in reducing the risk for NCD's among employees [16] . Although the effect sizes of these interventions on health vary and are less than that observed in clinical trials, it has still been advocated as it results in marginal changes [16] . Small changes in behavior and health parameters have been shown to result in a considerable impact on disease risk when observed at a population level [10] .
The next section of the literature review will present data on the prevalence of NCD risk factors followed by an overview of the effectiveness of worksite health promotion programs.
Prevalence of NCD risk factors in the worksite
The main risk factors for NCD's were reported in the introduction of this literature review. The risk factors that encompass lifestyle behaviors, namely, physical activity, and healthy diet (together with obesity) will be the focus of this section of the review. Indeed, the WHO identified these behaviors as among the five leading causes for global mortality [17] .
Physical inactivity is widely recognized as a major risk factor for NCD's [7, 8] . If it were possible to reduce to the global pandemic of physical inactivity, it has been estimated that between 6-10% of all deaths due to NCD's may be prevented [8] . For example, approximately 21-25% of breast and colon cancer and 27% of the burden of diabetes could be reduced by reducing the levels of physical inactivity [17] . However, more than half (58%) of the world's population do not meet the physical activity guidelines, which is similar to the number of Africans who are currently insufficiently physically active (60%) [17] .
Changes in dietary behaviors with increased consumption of refined starch, sugar, salt and unhealthy fats has contributed to the increased prevalence global prevalence of obesity, which has more than doubled since 1980 [1, 12] . A recent WHO report states that four in ten people are either overweight or obese (BMI 24.9 kg/m 2 ) [17] . The 'Workplace Wellness Alliance' reported that the prevalence of obesity in African employees is nearly 20%, and is higher than that reported for Europe and South America [12] . This prevalence is slightly less than that reported in the population average which is from WHO survey which was conducted in adults (not only in the worksite setting) between 1996 and 2009 ( Figure 1 ) [12] . Furthermore, the WHO reported that 41% of all deaths in Africans under the age of 60 years could be attributed to a high Body Mass Index [17] .
The prevalence of NCD and cardio-metabolic disease has been investigated in the employed population, although less so in South Africa. Ker and women (n=25) with a mean age of 46 ± 7.9 years [18] . They found that nearly a third (31%) had metabolic syndrome as defined by ATP III criteria [18] . Furthermore, more than a third (36%) met two of the ATP III criteria for the diagnosis of the metabolic syndrome [18] .
The increased prevalence of NCD is coupled with high proportion of employees having multiple risk factors. A pilot study among South African companies (n=18) found that the employed population was at an increased risk for NCDs and that a greater proportion of employees had poor lifestyle behaviors compared to the general South African population [19] . For example, nearly 70% of employees were not meeting the recommended 30 minutes of physical activity on at least 5 days of the week based on the Centers for Disease Control's (CDC) and US Surgeon General's report. Furthermore, nearly half of the employees were overweight, defined as a Body Mass Index (BMI) more than 24.9, and nearly a quarter were current smokers [19] . These findings are supported by a more recent study in which nearly 58% of the employees were either overweight or obese and 70% were not meeting the physical activity guidelines [20] . Approximately 31% of the employees in their survey had elevated serum cholesterol concentration while 81 and 91% had normal blood pressure and serum glucose concentrations, respectively [20] . These findings suggest that South African employees are at increased risk for NCD's and would benefit from worksite health promotion programs.
Clustering of NCD risk factors with physical activity
Physical inactivity appears to cluster with other risk factors for cardiovascular disease whereby individuals who are inactive are more likely to have additional risk factors for cardio metabolic disease [9, 21] . There has also been some research investigating the relationship between physical activity and other health risk in the employee population. This includes a four-year longitudinal study among Japanese full-time workers which was conducted in 12 large scale companies [22] . Participants were divided into four physical activity groups based on the results obtained at the outset, from the International Physical Activity Questionnaire (IPAQ). Those who exceeded 3000 MET minute per week were categorized as highly active; those who were active for < 3000 but > 1500 MET minutes per week were moderately active; while those who achieved <1500 but >600 MET minutes and <600 MET minute per week were categorized as some activity and sedentary, respectively [22] . Japanese employees with more than 4 diagnostic criteria for Metabolic syndrome were more likely to have lower levels of physical activity, however this was not significant in the univariate analysis [22] . In addition, when stratified according to Body Mass Index, levels of physical activity were not significantly associated with number of diagnostic criteria for metabolic syndrome among the Japanese workers. However, physical activity, as quantified by the IPAQ, was significantly associated with number of metabolic syndrome criteria in the Poisson regression analysis which included gender, age, smoking habits and daily alcohol consumption [22] . These findings are supported by Mozumdar and Liguori who investigated the relationship between occupational and leisure time physical activity with metabolic syndrome in 642 female America employees [23] . The employees, who were inactive during their occupation, also reported lower levels of leisure time physical activity. Furthermore, the employees who were inactive at work and during their leisure time also had significantly higher Body Mass Index and waist circumferences than those who were physically active. The odds of the inactive employees having Metabolic syndrome was 1.94 times higher (OR: 1.94; 95% CI: 1.32-2, 85) than those who participated in at least 150 minutes of moderate intensity physical activity per week [23] .
Effectiveness of worksite health promotion programs on employee health
Addressing NCD's in the workplace was reported as one of the most important and urgent concerns among the world's business leaders [1] . An overview of the effectiveness of various worksite health promotion programs that encourages behavior change is presented in Table 2 .
A recent systematic review of worksite health promotion programs and their effect on health and economic outcomes was conducted by Osilla et al., 2012 [24] . The thirty-three studies were included in the Osilla review if they were United States based and had a control group for the comprehensive worksite health promotion program [24] . Most of the interventions aimed to improve physical activity and dietary behaviors [24] . Eight of the 13 studies that evaluated physical activity reported increased levels of physical activity among employees. However only 3 of the seven randomized control trials found improvements in physical activity. None-the-less, improvements included an increase in 103 minutes of walking per week among the intervention group [24] . Similarly, half of the studies that measured dietary outcomes reported increased fruit and vegetable intake, and lower dietary fat intake [24] . This review underscored the importance of evidence-based interventions, with a strong research design and sufficient statistical power to detect meaningful effects of the intervention [24] .
Other reviews have reported that interventions in which the primary focus is physical activity have been effective in increasing employees' habitual levels of physical activity, in addition to improving body composition, fitness levels and a decreasing muscular skeletal disorders [10] . These findings are supported by a meta-analysis which included published and un-published physical activity-based intervention studies from 1969 until 2007 [25] . The effect size calculated for physical activity in the meta-analysis was 0.21 which equated to the intervention group walking approximately 612 extra steps per day than the control group at the post-test measurement [25] . In addition, fitness, quantified by maximal oxygen consumption was higher for the employees in the intervention group compared to the control group [24] . This metaanalysis also found that the risk for diabetes was reduced and that employees' lipid profile had improved following the intervention [25] .
A systematic review evaluating the effectiveness of worksite nutrition and physical activity intervention programs which targeted employees with varying Body Mass Index measures was performed by Anderson and co-authors in 2009 [26] . Forty-seven studies were included in the review, half of which were conducted in the USA and the other half conducted in Europe, Australia, New Zealand, Japan, Canada, India and Iceland [26] . The worksite interventions resulted in small, but significant changes in weight loss of approximately 3 pounds (1.36 kg) after 6-12 months [26] . There were also modest improvements in Body Mass Index (-0.5) body fat percentage after 12 months [26] .
Moreover, comprehensive worksite health promotion programs which include tailoring the program according to the company's and employees' needs have been found to be most effective [12] . In addition, worksite intervention programs that have had the greatest impact on improving employee health were those targeting the employees at highest risk for NCD's [16] . These interventions included a health risk assessment with feedback based on the employees screening results, were shown to play a role in employees improving their health behaviors and clinical measures, in addition to economic benefits achieved for employers [16] .
The Health Risk Assessment (HRA) is often considered the first step of an intervention program as it provides an overview of employees
Health risk appraisal
The HRA has been advocated as a screening tool that should be used together with individual feedback to promote healthy lifestyles for employees [29] . Advances in technology include the introduction of web-based HRA's and therefore have the potential to increase its potential reach and uptake [13] . Indeed, the HRA is one of the most frequently implemented worksite health promotion programs and has been implemented in more than 50% of large companies (> 750 employees) in the USA by 2004 [13] . An updated survey found that this had increased to 72% of a sample of USA companies offered HRA's at their worksites [29] .
The components of HRA's vary, but usually include an assessment of lifestyle behaviors, typically self-reported [13] . Clinical measures that are either self-reported or verified / measured also form part of the HRA [13] . Self-report behaviors that could form part of the HRA include physical activity, body mass index, tobacco use, habitual alcohol intake and healthcare services utilization [13, 30] . These results are then used to calculate the risk or standardized risk scores for various diseases, including NCD [13] . Ideally, the final component of the HRA might include feedback on the results and guidance to improve lifestyle behaviors and clinical interventions to reduce the risk of adverse health events such as NCDs [13] . The HRA is therefore beneficial to identify employees who might be at increased risk for NCD, and could be considered as the first step towards improved health. Consequently, the HRA is regarded as the 'gateway intervention' to more comprehensive health promotion intervention programs [13] .
Articipation in HRA's
HRA participation is largely based on employees volunteering to complete the questionnaires and clinical assessments. Thus it is plausible that a bias exists when reporting HRA data, as this might reflect the proportion of employees who are interested in their health status [28] . In one study of employed persons (n=45,398) from USA companies employer-sponsored health insurance, women, and persons with fewer chronic health conditions are more likely to complete an HRA than their counterparts [28] . The participants were more likely to be members of a consumer-directed health plan than being members of a Health Maintenance Organizations (HMO) or Point-of-Service plans (POS) [28] . Furthermore, participants generally had lower healthcareexpenditures in the previous year than the non-participants (US$242 versus US$ 318) [28] .
The determinants of participation in HRA's among employees (n=5125) at four Dutch companies was recently investigated by Colkesen et al. [31] . All employees were invited to participate in a webbased HRA program. Participants completed the HRA questionnaire, followed by a clinical assessment for anthropometrical measures and blood pressure and a laboratory assessment of serum cholesterol concentration. Each of the participants received tailored feedback based on their results [31] . The non-participants were sent a reminder and questionnaire via email whereby they could report on their self- Significant improvements in total cholesterol for women (-0.35mmol/l) and increased HDL in men (0.05mmol/l) at 3 months. Significant decrease in systole blood pressure (4mm Hg). BMI decreased (but not significantly) whereas there were significant decreases in skinfold measurements.
Groeneveld et al., 2011 [42] Individual counseling using Motivational Interviewing techniques. Each participant had 3 face-to face and four telephonic counseling sessions. 6 and 12 month follow up Construction workers (n=816) with increased risk for NCD
Fruit intake increased at 6 months. Reduction in unhealthy snacks at 6 and 12 months. No significant effects on leisure time physical activity. Significant reduction in smoking at 6 months, but not at 12 months.
MacKinnon et al., 2010 [43] Self-help educational materials, Motivational interviewing-based counseling sessions, group based counseling sessions, internet-based activities. Follow up every 6 months for 4 years
Employees in the group based sessions increased fruit and vegetable intake. Those with individual based counseling increased habitual levels of physical activity and fitness.
Pressler et al., 2010 [44] 12 week internet-based intervention comprising of initial education session, followed by structured exercise sessions and concluded with another education session. Baseline and 12 week follow up.
Overweight employees (n=140);
Employees in the intervention group had significant improvements in fitness, waist circumference and reduced weight. The control group had significant improvements in waist circumference.
Prior et al., 2005 [45]
15 minute screening and counseling session. Educational booklets on cholesterol, blood pressure and smoking
Female employees (n=113) and male employees (n=4198); participants stratified according to NCD risk Employees at high risk for NCD showed improvements in Blood pressure, total cholesterol, BMI for both men and women. There were no significant changes on physical activity score.
Terry et al., 2011 [46]
Tailored, telephone-based counseling program aiming to promote weight loss.
Private sector companies (n=10) with total of 1298 obese or overweight employees
Nearly half the program completers (48%) and non-completers (47%) lost weight. However the completers averaged 2.6 times higher weight loss than those who did not complete the intervention. [31] . The nonparticipants also reported on their reason for declining to participate in the HRA intervention program [31] . The main reasons the nonparticipants reported for failing to complete the HRA was lack of time and lack of awareness of the HRA screening intervention [31] . One of the main findings of this research study was that the participants were significantly older than the non-participants, 44 years and 41 years, respectively, with similar number of men in both groups [31] . Significantly more of the participants (85%) rated their health as either good or very good compared to 78% in the non-participants [31] . In addition, a significantly smaller proportion of the non-participants fewer than 10 days sick leave days in the previous year than the participants (86% versus 88%, p<0.05) [31] . These findings, therefore, support the hypothesis that HRA responders represent the 'worried well' employees.
HDL=High density lipoprotein BMI=Body Mass Index
In a similar study, Burton et al. 2003 reported that the pharmaceutical expenses were similar for HRA participants and non-participants [32] . Employees completing the HRA in their research study were more likely to be women, and older than the non-participants [32] . However, the participants reported significantly fewer risk factors than the general US population [32] , further supporting the hypothesis that employees who complete the HRA are the 'worried well".
Effectiveness of HRA on employee health status
A recent review of the effectiveness of HRA with feedback was conducted by Soler et al. who aimed to establish whether the HRA without feedback and advice leads to behavior change among employees [13] . Research studies included in this review were those that evaluated the effect of HRA's in the worksite setting and subsequent changes in health status or lifestyle behaviors [13] . Feedback sessions that only took place once and lasting less than one hour were regarded as part of the standard HRA process [13] . 'Feedback plus' was defined as those studies in which health education sessions lasting more than an hour, multiple sessions, policy and environmental change, or incentives to promote physical activity and nutrition [13] .
These authors concluded that there was insufficient evidence of the effect of this type on intervention on fruit and vegetable intake, body composition and fitness levels of participants [13] . Conversely, there was strong or sufficient evidence for HRA with 'feedback plus' to have a positive effect on tobacco use, alcohol intake, dietary fat intake, serum glucose and cholesterol concentration and improved composite risk status [13] .
Repeating a HRA multiple times allows for comparison between assessments and to monitor change in health status and behaviors. Pai et al. (2009) researched the association between the frequency of HRA participation and subsequent health status [33] . Their study was based on longitudinal data (1997 -2004 ) from a multistate USA-based manufacturing company [33] . All employees received individualized feedback upon completion of the HRA, which served as an entry point into other worksite health promotion programs [33] . The baseline health status was similar for the employees completing only one HRA and those completing two or more during this time period [33] . However, those employees who the HRA more than once had significantly fewer risk factors at follow up than at baseline [33] . In addition, significantly fewer multiple HRA completers experienced a decline in their health status than those who completed the HRA once [33] . This improved health status could be a consequence of the feedback highlighting areas for improvement and suggested intervention or treatment.
One of the unintended consequences of completing an HRA may be short-term increased health-care expenditure among participants. Indeed completing a HRA has previously been associated with increased doctors visits (0.02 visit increase from baseline) and number of prescriptions filled (0.02 increase from baseline) [28] . This was coupled with associated increase in monthly healthcare spending for doctors visits and medication [28] . The economic consequences of completing the HRA will now be addressed in the final section of this literature review.
Economic burden of non-communicable disease
The World Economic Forum states that NCD's have a substantial and negative impact on the economy due to decreased labor supply, capital accumulation and both country and global gross domestic product (GDP) [1] . This is largely due to the reduced number of employees, resulting in a decrement in the quantity and quality of the labor force [1] . Organizations and companies should therefore be aware of the impact that NCD might have on their employees' productivity, potential loss of skill, and increased healthcare-related expenditure [1] . Consequently, worksite health promotion programs, including HRA programs are becoming an increasing concern and vital component of employee care [1] . Indeed, implementing worksite intervention programs that targeted healthy eating and obesity resulted in an improvement in labor productivity of 1-2% in a range countries [12] .
As documented earlier in this literature review, the HRA can identify the employees' health risks and the feedback would direct them to interventions to improve their health status and reduce their risk for NCD. It is plausible that an improvement in health status could result in reduced healthcare expenditure. Kowlessar and colleagues investigated the relationship between eleven health risks and medical expenditure [34] . Health risk data were obtained form HRA's administered by the Mayo clinic while healthcare expenditure was obtained from the Thomson Reuters MarketScan ® Commercial Claims and Encounters database [34] . Both the HRA and claims data were for January 2005 to December 2008 [33] . Most of the employees in the sample were men (68-72%) and were salaried (84-85%) [34] . Lifestyle behaviors including physical activity, healthy nutrition and alcohol and tobacco use were associated with reduced healthcare expenditure, absenteeism and presenteeism [34] . Similarly, employees categorized at low risk for serum cholesterol, triglycerides and glucose concentrations had lower healthcare expenditure and increased productivity [34] . Results from a multivariate analyses showed that the main contributors to increased healthcare costs was a Body Mass Index more than 24.9 kg/m 2 , high blood pressure, high blood glucose, high triglycerides and insufficient physical activity [34] . For example, employees who were meeting physical activity guidelines had 23% reduced healthcare costs than those who were inactive [34] . These findings are supported by similar research studies [32, 35, 36] . One of these studies by Pronk et al. 2011 investigated the association between health assessment scores and health claims in the subsequent 12 months [36] . These authors calculated a number of scores which included "Total health potential score" (THPS), "modifiable health potential score" (MHPS), a "non-modifiable health potential score" (NMHPS) and a "quality of life score" (QOLS) [36] . The MPHS comprised of physical activity behavior, tobacco use, diet quality, breakfast consumption, fruit and vegetable consumption, calcium, sugar intake, sleep, alcohol use and self reported stress [36] . Each of these health scores resulted in significantly higher healthcare expenditure for the next 12 months [35] . Importantly, a higher MPHS was significantly associated with future annual healthcare costs, F (46) [36] . Thus those individuals with healthier lifestyle behaviors had lower subsequent medical expenses. Thus HRA's and related intervention programs have might play a role in attenuating the economic impact of NCD's on the economy.
Summary
The burden of NCD's is increasing globally, however more so in low-middle-income countries. The workplace provides an opportune setting for health promotion programs which aim to address NCD's and their risk factors. The HRA, can be regarded as the first step towards identifying employees who are at increased risk, and who might benefit from additional intervention programs.
